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Circulation models, which cover heights up to the turbopause, i.e., 
practically up to the natural upper border of the homosphere, play an iejortant 
part in the studies of general features of global atmospheric circulation. At 
present there are a number of circulation models for the height range up to 
100—1 20 km. For the heignts above the upper limit cf standard radio sounding 
('30 km) these models are based on rocket sounding da a, with non-systematized 
data of meteor radar observations and ionospheric drift measurements used only 
in particular cases. 

Meanwhile as continuous 24-hour meteor radar wind measurements convincingly 
indicate the resultant wind at 70-110 km (mesopause-lower thermosphere region) 
is a superposition of daily prevailing wind and of the winds originating from 
diurnal and semidiurnal variations of atmocpheric parameters. And significant 
day-tu-day and seasonal variations are observed in amplitudes and phaces of 
diurnal and semidiurnal wind oscillations. 

Thus average velocities of prevailing wind at 70-110 fcn can be obtained 
reliably enough only on the base of the methods which allow for daily and 
shorter period observations of resultant wind velocities with further selection 
of diurnal wind velocity means from the data obtained. These are first of all 
the radar meteor trail technique (D2 technique, according U URSI classifica- 
tion) and some versions of ionospheric methods of spaced receiver drift 
measurements (Di technique), such as partial reflection method, drift measure- 
ments in the long-wave range, etc. But earlier circulation models for the 
heights of mesopause-lower thermosphere developed from Dl and D2 measurements 
were based on scanty data. 

By now Dl and D2 techniques have been used and are being used for observa- 
tions’ at a lot of stations located in the high, middle and low latitudes cf both 
hemispheres. The systematical wind velocity measurements with these techniques 
make it possible to specify and to refine earlier mesopause-lower thermosphere 
circulation models. With this in view we have made an e^.ort to obtain global 
long-term average height-latitude sections of the wind field at 70-110 kn using 
the analysis of long-period Dl and D2 observations. Data from 26 meteor radar 
and 6 ionospheric stations were taken for analysis. 

Observational periods at different stations do not always completely 
coincide and in several cases they even do not overlap. Thus the wind .leld 
model based on these data can be considered as a long-term average (climatic, 
model with the accuracy characterized to a first approximation by moiilnly mean 
velocity variance’ D resulting from year-to-year variations of the velocities. 

The estimates from long-period measurements at Heis Island, Molodezhnaya 
Station, in Kuhlungsborn, Obninsk, Jodrell Eank and Adelaide have shown, that on 
the average the value o- K >'Dr can be taken as cm = 7 ci/s (for the 
Northern Hemisphere - 5 n/s, for the Southern o. * 9 m/s). 

An important point in developing the model was the assumption of zonal mean 
approximation being acceptable for a climatic description of the wind regime m 
mesopause-lower thermosphere. The assumption was established on the comparison 
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of seasonal variation of zonal and meridional wind velocities at observational 
stations closely spaced along latitudes but significantly different with respect 
to longitude. 

Figure 1 a,b,c,d shows monthly mean velocities of zonal (v) and meridional 
(u) winds foi the stations located in two latitudinal belts of the Northern 
Hemisphere: 52*-57*N and 45*-50°N. (52°-57*N latitude belt includes the 

stations: Jodrell Bank (2*E), Kuhlungsborn-Col In (12°E), Obninsk (38°E), Kazan 

(49 °E) , Tomsk (85°E), Badary (102*E) and Saskatoon (107°V7; 45°-50°N: Budrio 

(12°E), Kiev (31 *L) , Kharkov (30°E), Volgograd (44°E) and Khabarovsk (HS'E)). 

It is easily seen, that despite the significant differences in longitude the 
features of seasonal variations of wind parameters remain essentially similar at 
all the stations* Jjje respect ive t variance of values over longitude D\ is 
characterized by z 7 m/s, z 5 m/s, which is comparable with 
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Figure 1. Seasonal variation of zonal (u fJ ) and 
meridional (v 0 ) components of the prevailing 
wind velocity at 95 km height, averaged over 
various longitudes for the two latitudinal 
zones: 52°-57°N (a,c), 45°-50°N (b,d). 


It is necessary to point out that at a number of stations distributed well 
enough over the latitudes the measurements were taken with equipment enabling 
the measurement of altitude wind profiles in the height range of 70-110 km. 
(Kiruna, G8*N; Saskatoon, *2°N; Garchy, 48°M; Atlanta, 35*11; Punta Borinqucn, 
18*N; Townsville, 18°S; Adelaide, 35°S; Birdlings Flat, 44*S). As for the rest 
of the stations, measurements refer to the average meteor zone ~95 km and make 
it possible to specify the character of latitu linal dependence of wind 
velocities in the cross sections obtained. 

Besides, for the 70-80 km height range, rocket measurements were also used. 
Comparison has shown the monthly mean wind velocities from rocket data to exceed 
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M A region of ea.terliea in the Southern Hmisphere. 

15J A westerly circulation cell in the Southern Hemisphere. 
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O) A region of easterly circulation in the Northern Hemisphere. 
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Fifurc.I.- Height-latitude siructurr of the 
*„Lil wind field <»/.) for Deccaber-lobruary 
(a-l'ecrober, b-January. e-February; poritive 
value* are westerly wind). 
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FiRure 3. Height-latitude .ttucturc of the 
xonal vied field (o Is) for Karch-I-ay 
(n-Harch, b-Apnl» c-KayK 
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Figure A. Height-latitude structure of the 
zonal wind field (n/s' for June-August 
(a-June, b-July, c-Auguat). 


In contrast to the data on zonal wind, statistically reliable data on the 
latitudinal structure of the ageostrophic meridional wind are mostly available 
for 95 hn tieight, We have made an effort to parameterize Reynolds viscous 
stresses in the equation of motion for the meridional wind using the data on 
meridional wind velocities at 95 kn and the height- latitude sections of neon 
zonal wind. The main contribution into the divergence of Reynolds stresses is 
proved to be given by the teres associated with the vertical eddy transport of 
the momentum. The resulting expression for meridional wind u^ is as follows: 
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Figure 5. Height-latitude structure of the 
aonal wind field (o/s) for Septeaber-Novrobrr 
U-Septeabcr, b-October, c-Kovnabcr). 
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however, the height-latitude sections of the meridional wind field given here 
should be considered as estimates which mostly give information about the sign 
of the meridional wind and to a lesser degree characterize the absolute velo- 
cities at the heights significantly different from 95 kn. 


Meridional wind calculations were U6ed to obtain respective values of 
vertical wind w q by means of integrating the continuity equation. 


Calculation results of field w q are shown in Figure 7 (a,b). They show 
that at 75-105 km heights there are rather large-scale structures of upward and 
downward flows, which can significantly affect many physical processes in this 
height interval and in particular the processes important for understanding D 
and E region aeronomy and formation of the oesopause thermal structure. The 
zones of downward and upward winds alternating along the latitude indicate there 
are global circulation cells in the meteor zone of the atmosphere. The most 
significant arc direct circulation cells connected with the ascent of air masses 
in low latitudes and descent in middle latitudes. Indirect cells are likely to 
exist along with the direct ones in the middle latitudes. Despite a rather 
complicated structure of the vertical winds in the meteor zone of the atmosphere 
their regularity is clear. 



Figure 7. height-latitude structure of the 
vertical wind field for January (a) and 
July (b). 



